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The heart in situ is normally under the balanced control of its ex- 
trinsic  nerves,  preganglionic fibers  of  the  parasympathetic  system 
which enter via the vagus and end about ganglia in the cardiac tissue, 
and postganglionic fibers of the sympathetic group which are widely 
distributed to the muscular and specialized tissues. 
The influence of the vagus upon the origin and propagation of the 
excitatory  process has  been  studied  in detail.  In the mammalian 
heart it acts to slow the spontaneous rhythm whether this arise in the 
sinoauricular or auriculoventricular node.  The sinus is chiefly under 
the control of the fight nerve while the A-V node is governed by both 
(1).  Vagus  stimulation  brings  about  slowing of  A-V  conduction, 
the left nerve being the more effective (2).  It may also cause partial 
block in  the bundle branches  (3).  Intraauricular conduction is  re- 
tarded  in  the cold blooded heart by vagus stimulation (4).  In the 
auricle of the dog the normal conduction is not altered but if the trans- 
mission has been previously slowed it is accelerated by the vagus (5). 
The refractory period of the auricular muscle is shortened (6)  while 
that of the ventricle is tmaffected (7). 
While it appears that all portions of the heart are under the influ- 
ence of  the  sympathetic its  action is most effective at  the normal 
centers of rhythm, the sin0auricular and auriculoventricular nodes (8). 
At these points there exists a noticeable difference between the influ- 
ence of the right and left nerves, the fight producing primarily an 
acceleration of the sinus rhythm while the left enhances A-V conduc- 
tion (9,  10)..Mad finally, when the sympathetic endings are stimu- 
lated by means of adrenalin, conduction  within the ventricle is acceler- 
ated (11). 
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The present study was undertaken in an attempt to examine cer- 
tain  phases  of  the  action  of  the  sympathetic which have  thus  far 
escaped careful investigation. 
Effect of Sympathetic Stimulation on  Intraauricular  Conduction. 
The influence of adrenalin upon the transmission of the excitatory 
process in the auricle after functional exclusion of the vagus, has not 
to our knowledge been reported.  We have, therefore, determined the 
intraauricular transmission rate before and after adrenalin in a series 
of eight experiments. 
The animals were anesthetized with urethane and the hearts exposed 
in situ.  Direct leads were taken from the right auricle by means of 
non-polarizable electrodes.  Adrenalin in  1/50,000  dilution  was  in- 
jected into the femoral vein. 
The results of three such observations are shown in Table I.  Be- 
ginning within ½ to 1 minute after the intravenous injection of adren- 
alin there is a  rise in transmission rate of from 100 to 400 mm. per 
second, varying with the amount of drug injected but occurring in 
some cases after doses too small to cause any considerable increase in 
the rate of the sinus rhythm. 
Paralysis of the Sympathetic. 
Dale  (12)  has prepared from ergot a  substance,  ergotoxin, which 
consistently  depresses  the  functions  of  the  sympathetic  system. 
More  recently  Stoll  (13)  has  isolated a  pure alkaloid, ergotamine, 
having  similar properties  but  in  greater  dilution.  This  substance 
antagonizes the pressor action of adrenalin upon the systemic arteries, 
and inhibits its dilator effect upon the coronaries (14~:  In dilution 
1/100,000 it neutralizes the accelerating action upon the frog's heart of 
1/2,000,000 adrenalin (15) ~.  It depresses the tendency of adrenalin to 
produce  hyperglycemia in  rabbits  (16)  and  relieves the inhibitory 
action of that drug upon the gut  (14).  In short,  ergotamine has a 
paralyzing effect upon the sympathetic endings similar to that exerted 
by atropine upon those of the vagus. 
Ergotamine  tartrate  (0.25-1.0  rag.)  was  injected intravenously 
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TABLE  I. 
Effect of Adrenalin uPon Intraauriadar Transmission. 
Normal Sinus Rhythm. 
1019 
Experiment  4.  Vagi  ex- 
cluded.  Electrodes 20 ram. 
apart 
Experiment  6.  Vagi  ex- 
cluded.  Electrodes 20 ram. 
apart 
Experiment  7.  Vagi  ex- 
cluded.  Electrodes 20 ram. 
apart 
Time 
2.35 
2.47 
2.48 
2.49½ 
2.50 
2.51 
2.55 
2.59 
3.02 
3.02½ 
3.03 
3.07 
3.12 
3.14 
3.15 
3.19 
3.24 
2.43 
2.45 
2.47 
2.48½ 
2.49 
2.49½ 
2.50 
2.51½ 
2.53 
2.58 
3.04 
2.58 
3.00 
3.10 
3.12! 
3.13 
3.13~ 
3.14 
3.16 
3.18 
3.23 
3.28 
Rate 
216 
218 
210 
220 
214 
214 
210 
216 
206 
206 
206 
212 
202 
206 
179 
169 
170 
192 
207 
200 
178 
172 
173 
170 
194 
185 
183 
191 
192 
186 
182 
179 
171 
169 
1~rans- 
nission 
rate 
~r se¢. 
1083 
1056 
1065 
1170 
1160 
1167 
1121 
1153 
1257 
1145 
1029 
1397 
1107 
1100 
892 
865 
841 
1245 
1260 
1038 
957 
915 
835 
861 
803 
875 
723 
972 
1034 
1005 
936 
897 
819 
806 
Remsrks 
0.25 cc. adrenaHn 1/50,000 
0.5 cc. adrenalin 1/50,000 
1.0 cc. adrenalin 1/50,000 
O. 5 cc. adrenalin 1/50,000 
1.0 cc. adrenalin 1/50,000 1020  ACTION  OF  SYMPATHETIC  ON  MAM~ALIAN  HEART 
The animals were anesthetized with urethane and artificial respiration 
maintained throughout the observation. 
In a series of five experiments carried out on animals with the vagi 
intact  the  observations  of  previous  workers  (~4)  were  confirmed, 
namely that ergotamine slows the rate of beat and that this slowing is 
relieved by atropine. 
Thus in the experiment outlined in Table  I!, the injection of 0.25 
mg. ergotamine was followed by a  slowing of the sinus rhythm from 
222  to  136 per minute.  A  second dose soon after the first failed to 
TABLE  II. 
Effect of Ergotamine upon Sinus Rhythm with Vagi Intact. 
Experiment 5.  Cat 1650 Gin. 
Time 
3.48 
3.49 
3.50 
3.52 
3.54 
3.55 
3.56 
3.58 
4.00 
4.02 
4.04 
4.06 
4.10 
R-R 
.26 
.27 
.40 
.44 
.40 
.44 
.40 
.25 
.25 
.25 
Rate 
230 
222 
150 
136 
150 
136 
150 
240 
240 
240 
P-R 
.07 
.07 
.08 
.08 
.08 
.08 
.09 
.10 
.10 
.10 
Remarks 
0.25 mg. ergot.amine 
0.25 mg. ergotamine 
0.25 mg. atropine 
produce any pronounced change.  After 0.25  rag. atropine, however, 
the rate rose again to 240. 
Such results are obviously susceptible of two explanations: either 
that ergotamine stimulates the vagus, or that it acts to diminish the 
accelerating action of the sympathetic.  In  an  attempt  to  analyze 
the effect more closely ergotamine was administered after  the vagi 
had been functionally excluded.  Both nerves were sectioned in the 
neck and atropine sulfate, 2.0 mg., was injected intravenously.  Fol- 
lowing this procedure ergotamine  (0.5-1.0  mE.)  still  produced con- 
spicuous slowing of the sinus rhythm and a prolongation of the P-R 
interval of the electrodar~ogram as shown in Table III.  Moreover, E. COWLES  ANDRUS  AND  LOUIS  E. MARTIN  1021 
TABLE  III. 
Effect of Ergotamine upon Sinus Rhythm with Vagi Functionally Excluded. 
Experiment 9.  Dog 5.0 kilos. 
Vagi excluded 
Experiment  I0.  Dog  6.2 
kilos. Vagi  excluded 
Experiment  12.  Dog  7.4 
kilos.  Vagi excluded 
Experiment  13.  Dog  6.5 
kilos.  Vagi exchded 
Time  Rate  P-R 
2.36  167  .09 
2.39  167  .09 
2.40 
2.41  125  .12 
2.42  125  .12 
2.44  120  .12 
2.46  118  .12 
2.51  115  .12 
3.10  260  .07 
3.13  250  .07 
3.14 
3.15  200  .08 
3.16  187  .i1 
3.19  187  .09 
3.21 
3.22  187  .08 
3.23  182  .08 
3.25  182  .10 
12.10  240  .08 
12.14  250  .08 
12.15 
12.16  200  .10 
12.17  187  .10 
12.19  172  .11 
12.25  167  .11 
12.28 
12.29  177  .10 
12.32  167  .12 
2.10  222  .07 
2.12  220  .07 
2.14  222  .08 
2.15 
2.16  194  .10 
2.17  188  .11 
2.18  182  .10 
2.19  182  .10 
2.21  167  .10 
Remarks 
1.0 rag. ergotamine 
O. 5 rag. ergotsmine 
1.0 cc.  adrenalin  1/10,000 
O. 5 mg. ergotamine 
1.0 cc.  adrenalin  1/10,000 
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TABLE  IV. 
Effect of Ergotaraine upon Intraauricular  Transmission. 
Normal Sinus Rhythm and Rhythmically Driven Heart. 
Trans-  Rema  rks  Time  Rate  mission 
Experiment  26.  Vagi  ex-  2.28  230  878 
cluded.  Electrodes 21 ram.  2.30  244  910 
apart.  Normal  sinus  2.31  1.0 mE. ergotamine 
rhythm  2.33  214  834 
2.38  209  836 
2.48  204  788 
2.53  182  803 
3.00  172  796 
Experiment  27.  Vagi  ex-  2.37  135  922 
dude&  Electrodes 24 ram.  2.40  139  955 
apart.  Normal  sinus  2.42  136  949 
rhythm  2.43  1.0 rag. ergotamine 
2.47  119  918 
2.51  123  885 
3.10  135  809 
3.40  128  847 
4.10  122  817 
4.40  121  733 
Experiment  19.  Vagi  ex-  3.00  153  732 
cluded.  Electrodes 24 ram.  3.01  153  762 
apart.  Heart  rhythmi-  3.03  153  751 
cally driven  3.04  1.0 rag. ergotamine 
3.05  153  678 
3.07  153  674 
3.10  153  644 
3.18  153  636 
3.22  153  646 
Experiment  20.  Vagi  ex-  3.23  214  863 
cluded.  Electrodes 26 ram.  3.24  214  816 
apart.  Heart  rhythmi-  3.26  214  877 
cally driven  3.27  1.0 rag. ergotamine 
3.28  214  699 
3.29  214  624 
3.34  214  635 
3.38  214  620 
3.43  214  623 E.  COWLES  ANDRUS  AND  LOUIS  E.  MARTIN 
TABLE  IV---Concluded. 
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Experiment  25.  Vagi  ex- 
cluded.  Electrodes 24 mm. 
apart.  Heart rhythmically 
driven 
Time 
2.47 
2.50 
2.55 
2.58 
3.00 
3.05 
3.12 
3.20 
Trans- 
Rate  mission 
mm. 
216  970 
216  1040 
216  997 
216  995 
216  847 
216  781 
216  788 
Remarks 
1.0 mg. ergotamine 
the subsequent injection of adrenalin in doses of 1.0 cc. of a  1/10,000 
solution failed to cause acceleration.  Such results indicate that ergo- 
tamine  may effect  slowing  of  the  sinus  rhythm  and  cause delay 
in  A-V  conduction  quite  apart  from  any  action  upon  the vagus. 
Finally a  series of twelve observations was carried out to determine 
the action of ergotamine upon intraauricular conduction.  The results 
in  Table  IV indicate that, whether the auricles are responding to the 
normal sinus  rhythm or  to  rhythmic induction  shocks,  ergotamine 
brings about a  slowing in  the rate of transmission of the excitatory 
process of from 100  to 200  ram. per second.  In the majority of in- 
stances this effect comes on gradually and reaches its maximum from 
20 to 30 minutes after the injection. 
DISCUSSION. 
When the action of the parasympathetic nerves has been excluded 
by means of atropine it is possible to demonstrate that the excitatory 
process in the heart is affected to a considerable degree by the control 
of the sympathetic nerves.  Upon all phases of excitation and con- 
duction in the mammalian heart with the exception of intraauricular 
conduction the  action  of  the  vagus  and  sympathetic are  opposed. 
Here the vagus is without effect unless the rate of transmission is ab- 
normally slow.  Under such circumstances it may bring about accelera- 
tion but never to a  rate above the normal.  Stimulation of the sym- 
pathetic nerves on the other hand invariably causes a conspicuous rise 
in the transmission rate.  It is therefore apparent upon closer analysis 1024  ACTION  OF  SYMPATHETIC ON MAMMALIAN HEART 
that the effects of the vagus and sympathetic nerves upon intraauric- 
ular conduction are in no sense synergistic. 
Under normal  conditions there exists a  delicate balance of such a 
nature that stimulation of one system involves inhibition of the other. 
It is, however, significant that, following paralysis of both sympathetic 
and  parasympathetic  nerves, the normal rhythm is maintained spon- 
taneously at a more or less constant rate. 
S~AR¥  AND  CONCLUSIONS. 
Stimulation  of  the  sympathetic  nerve  endings,  after  paralysis  of 
the vagus, accelerates the transmission of the excitatory process in the 
dog's auricle. 
Following the functional  exclusion of the vagus ergotamine  slows 
the rate of the sinus rhythm,  depresses A-V conduction,  and  delays 
the transmission of the excitatory process in the auricle. 
The relation of the sympathetic and parasympathetic nerves in the 
control of the cardiac rhythm is discussed. 
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